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(54) MEDICINAL COMPOSITIONS FOR TREATING LIVER DISEASES 



(57) The present invention relates to a pharmaceu- 
tical composition for treatment of hepatic diseases 
which comprises erythropoietin as an active ingredient 
to reduce excess iron ions in the liver of a mammal with 
hepatic diseases, thus improving hepatic functions of 
said mammal. According to the present pharmaceutical 
composition with erythropoietin as an active ingredient, 
excess iron ions in the liver of a mammal with hepatic 
diseases can be decreased, so it is effective for treat- 
ment of chronic hepatitis, hepatic carcinoma, hepatocir- 
rhosis etc. due to excess iron ions. Further, patient's 
anemia accompanying venesection can be prevented 
while excretion of excess iron ions can be promoted by 
using the venesection therapy in combination with the 
administration of said pharmaceutical composition. Fur- 
thermore, the pharmaceutical composition of the 
present invention is administered into a patient with 
chronic hepatitis C for whom IFN therapy is not effective 
to improve hepatic functions after which conventional 
IFN therapy is conducted whereby its therapeutic effect 
on said hepatitis can be expected. 
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Description 

TECHNICAL FIELD 

[0001 1 The present invention relates to a pharmaceu- s 
tical composition for treatment of hepatic diseases 
which comprises erythropoietin as an active ingredient 
In particular, the present invention relates to a pharma- 
ceutical composition for treatment of hepatic diseases 
in which excess iron ions in the liver, considered to be io 
closely related to hepatic diseases such as chronic hep- 
atitis, hepatic carcinoma and hepatocirrhosis, are 
removed from hepatocytes preferably by use of vene- 
section therapy in combination and reduced thereby 
irrproving hepatic functions. 15 

BACKGROUND ART 

[0002] Chronic hepatitis is a severe hepatic disease 
which forms hepatocirrhosis and hepatic carcinoma. 20 
Most cases of chronic hepatitis are caused by infection 
with hepatitis C virus (HCV). Interferon (IFN) therapy 
presently is used to treat chronic hepatitis C. Although 
its severe side effects are known, long-term administra- 
tion of IFN for 4 to 6 months is necessary and has lim- 25 
ited therapeutic effect For example, studies of the effect 
of IFN therapy and of the properties of HCV, report that 
IFN therapy has a significant effect on the type III geno- 
type virus (1 0 to 20 % prevalence in Japan) but has only 
20 to 30 % effectiveness against the type II genotype 30 
virus, which represents at least 70 % of the virus in 
Japan [lino et at, Saishin Igaku, §9, 2225 (1993)]. 
Accordingly, there is a need for a new therapy for the lat- 
ter patients for whom IFN therapy is not effective. 
[0003] The inventors studied the mechanism of the 35 
onset of hepatic disorders, using the LEC rat as a model 
animal with human hepatic carcinoma generated from 
chronic hepatitis. These studies revealed that feeding 
an LEC rat with conventional feed having metallic ions 
such as copper, iron etc. stimulated a rapid increase in 40 
hepatic copper as well as an increase in hepatic iron 
levels, thus causing a high incidence of severe hepatitis. 
On the other hand, feeding an iron-deficient feed 
caused only a slight increase in hepatic iron, and no 
observable severe hepatitis, although hepatic copper 45 
levels rapidly increased in a similar manner to the case 
of feeding with conventional feed. From these results, 
indicated that the major factor causing hepatic disorders 
is an abnormal increase of iron ions in the liver [Kofune 
et at, Lecture Summary of the 53rd Meeting of Japa- so 
nese Cancer Society, page 91, 1994]. Actually, chronic 
active hepatitis C can subside by removing iron ions 
through venesection [TaWgawa et at, Summary Collec- 
tion of the 27th Western Sectional Meeting of Japanese 
Hepatic Society, Vol. 33, Supple (2), page 49, 1 992] and ss 
a non-IFN responsive hepatitis can be changed into IFN 
responsive hepatitis through venesection [Hayashi et 
at, Igaku To Yakugaku, 29, 1487 (1993)]. However, 



although rapid venesection effectively reduces hepatic 
iron levels, it causes anemia. This anemia makes con- 
tinued treatment difficult due to worsening of general 
conditions of the patient. Furthermore, when venesec- 
tion is conducted to limit anemia in the patient a long 
period of 1 or 2 years is required to obtain a sufficient 
therapeutic effect. During this long time period, how- 
ever, chronic hepatitis often is transformed through 
hepatocirrhosis into hepatic carcinoma. Accordingly, 
there is a strong demand to develop therapies to 
improve hepatic functions as rapidly as possible. 
[0004] It is further reported that one of antigens as 
cancer markers is a transferrin receptor [Trowbridge, I. 
S. and Omary, M. B., Proc. Natl. Acad. Set USA, 78, 
3039-3043 (1981)]. Some of the present inventors have 
reported that transferrin receptors occur abundantly in 
actively proliferating cancer cells, and that the presence 
of these transferrin receptors indicates the ability of 
cells to proliferate, or the malignancy of cancer cells |J. 
Jpn. Cancer TTier. 21(3), 641-646, Apr. (1986)]. Thus, 
so it is reasoned that a high iron ion concentration is 
required for cancer cells to actively proliferate. 
[0005] Meanwhile, erythropoietin administration is 
proposed to treat a Wood pigment symptom caused by 
blood-transfusion for improvement of chronic anemia 
resulting from renal functional disorders. In this case, 
erythropoietin is administered into anemic patients 
undergoing hemodialysis before their stored iron and 
serum iron are decreased as a result of venesection 
(Japanese Patent Publication No. 92316/1994). How- 
ever, no report clarifies whether the hepatic functions of 
patients suffering hepatic disease such as chronic hep- 
atitis or hepatic carcinoma are improved by erythropoie- 
tin administration. 

[0006] Accordingly, the object of the present invention 
is to clarify the relationship between hepatic iron metab- 
olism and erythropoietin to improve thereby and shorten 
treatment time. Another object is to provide a pharma- 
ceutical composition for treatment of hepatic diseases 
which comprises erythropoietin as an active ingredient 

DISCLOSURE OF THE INVENTION 

[0007] As a result of studies to solve the above- 
described problems, the present inventors discovered 
that erythropoietin promotes releasing of excess iron 
ions from the liver via specific receptors This release 
decreases excess iron ions in the liver and thereby 
improves the hepatic functions of patients that have 
hepatic diseases such as chronic hepatitis, hepatic car- 
cinoma and hepatocinhosis. Furthermore, the present 
inventors discovered that venesection therapy can be 
combined with erythropoietin administration, to safely 
improve hepatic function in a short time without incur- 
ring excessive anemia. The inventors also discovered 
that the growth of transformed hepatocytes can be 
inhibited by erythropoietin. 

[0008] The present invention relates to a pharmaceu- 
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tical preparation for treatment of hepatic diseases which 
comprises erythropoietin as an active ingredient to 
reduce excess iron ions in the liver of a mammal with 
hepatic diseases, thus improving hepatic functions of 
said mammal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 



10 



F»g. 1 is a graph where the inhibitory effects of 
asialo EPO, EPO. and asialo a1-acW-glycoprotein 
on the binding of 125 l-asialo EPO to a hepatic 
parenchymal cell (AMLC) fraction were measured 
Fig. 2 is a graph where the inhibitory effects of 15 
asialo EPO, EPO, and asialo a1-acid-glycoprotein 
on the binding of 125 l -EPO to a hepatic parenchy- 
mal cell (AMLC) fraction were measured. 
Fig. 3 is a photograph of agarose gel electrophore- 
sis of a PCR product of EPO receptor mRNA 20 
expressed in a human hepatic cell strain (HepG2 
cells). 1 

Rg. 4 shows the effect of EPO in releasing iron 
from a human hepatic carcinoma cell line (HepG2 
cells). 25 

Fig. 5 shows the inhibitory effect of EPO on the 
growth of a human hepatic carcinoma cell line 
(HepG2 cells). 

Pig. 6 shows the inhibitory effect of EPO on the 
growth of a human hepatic carcinoma cell line 30 
(HuHG7 cells). 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0010J Hereinafter, the present invention is described 35 
in detail. 

[0011] Erythropoietin, which is the active ingredient in 
the pharmaceutical composition of the present inven- 
tion, is a glycoprotein with an apparent molecular weight 
of about 36,000 daltons. Erythropoietin causes eryth- 40 
roblast precursor cells to differentiate into erythrocytes. 
Vanous kinds of known erythropoietin such as natural 
erythropoietin purified from human urine etc., recom- 
binant erythropoietin obtained by genetic engineering 
means and modified erythropoietin are active in this 45 
context (Japanese Patent Publication Nos 
44,317/1989. 17,156/1990 etc.) 

r ?? 21 For use in a Pharmaceutical composition, the 
above-described erythropoietin may be dissolved along 
m physiological saline alone etc.. but usually is dis- so 
solved along with other protein such as human serum 
albumin, gelatin etc., and/or sugar, such as mannitol. 
sorbitol etc. in physiological saline. In particular, eryth- 
ropoietin is dissolved preferably with 0.01 to 0.1 % by 
weight of human serum albumin and 1 to 1.5 % by ss 
weight of D-mannitol in physiological saline. 
[001 3J Pharmaceutical^ acceptable stabilizers, regu- 
lators for pH, osmotic pressure eta may be suitably 



added to the above physiological salina 
[0014] Although the dose of the pharmaceutical com- 
position of the present invention shall be varied depend- 
ing on the severity of symptoms, the age, weight etc. of 
a mammal as the subject of treatment, a therapeutically 
effective amount of erythropoietin as the active ingredi- 
ent can be in the range of 10 to 10,000 U/kg of body 
weight for recombinant erythropoietin. If the venesec- 
tion therapy described below is used in combination, 
erythropoietin is administered in the range of 10 to 
2,000 U/kg of body weight. 

[001 5J In the present invention, production of erythro- 
cytes is promoted by administration of erythropoietin, so 
blood removal such as venesection therapy is preferably 
used in combination to remove excess erythrocytes. 
The venesection therapy involves e.g. drawing about 
200 ml Wood from a patient with hepatitis, hepatic carci- 
noma, hepatodrrhosis or other hepatic diseases prior to 
administration of the pharmaceutical composition of the 
present invention. By this method, patient's anemia 
accompanying venesection can be prevented while 
excretion of excess iron ions from hepatocytes can be 
promoted. 

[0016] A disease which can be treated by the pharma- 
ceutical composition of the present invention includes 
hepatic diseases considered to be caused by excess 
iron ions in hepatocytes, for example, chronic hepatitis, 
hepatic carcinoma, and hepatodrrhosis etc. Chronic 
hepatitis is mostly due to infection with hepatitis C virus 
and includes chronic hepatitis C, severe chronic hepati- 
tis C etc. ^ 

[001 7] Hereinafter, the present invention is described 
with reference to Test Examples and Examples, which 
however are not intended to limit the present invention. 

[Test Example 1] Measurement of the ability of erythro- 
poietin (EPO) to bind to hepatic cells 

[0018] 125 l -EPO prepared according to the Indogen 
method [Franker, P. J. and Speck, J. C. Jr., Biochem. 
Biophys. Res. Commun. 80, 849-857 (1978)], and 125 1 - 
asialo EPO obtained by treatment of 125 l -EPO at 80 °C 
for 60 minutes in the presence of 0.05 N hydrochloric 
add, were measured for their ability to bind to the sur- 
faces of hepatic parenchymal cells. The measurement 
of their binding ability was effected according to a 
method known in the art [Higuchi. M. et al., J. Biol 
Chem.. 267, 7703-7709 (1992)]. 
[0019] First, 0.5 nM 125 l -asialo EPO was added to a 
mouse hepatic parenchymal cell (AMLC) fraction 
obtained by collagenase perfusion, and the inhibitory 
effects of asialo EPO, EPO, and asialo a1-add-glyco- 
protein on the binding of 125 l -asialo EPO to the hepatic 
parenchymal cell fraction were determined. The results 
are shown in Fig. 1. From Fig. 1, it was found that 125 l - 
asialo EPO binds to the hepatic parenchymal cell frac- 
tion. It was further found that asialo EPO and asialo a1 - 
add-glycoprotein inhibit the binding of 125 l -asialo EPO 
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to an almost similar degree whereas EPO does not 
have a significant inhibitory effect on the binding. This 
result indicates that 125 l -asialo EPO binds to the 
hepatic parenchymal cell fraction not via EPO receptors 
but via asialo glycoprotein receptors. 
[0020] On the other hand, as a result of measurement 
of the inhibitory effects of asialo EPO, EPO and asialo 
a1-acid-glycoprotein on the binding of 125 l -EPO (0.5 
nM) to the hepatic parenchymal cell fraction, EPO 
exhibited the highest inhibitory effect whereas the inhib- 
itory effects of asialo EPO and asialo al-acid-glycopro- 
tein were partial, as shown in Fig. 2. 
[0021] These results indicated that there are EPO- 
spetiftc receptors different from asialo glycoprotein 
receptors, although some EPO binds to asialoglycopro- 
tein receptors asialorated by the siafidase activity con- 
tained in the hepatic parenchyma) cell fraction. 

[Test Example 2] Expression of EPO receptors in a 
human hepatic carcinoma cell line 

[0022] Expression of EPO receptor mRNA in a human 
hepatic carcinoma cell line (HepG2 cells) was meas- 
ured by RT-PCR techniques. The mRNA was prepared 
from HepG2 cells by a method described by J. E. Bad- 
ley et al. (Bio Techniques, Vol. 6, No. 2, 114-116 
(1988)), and cDNA was prepared from the mRNA by 
reverse transcription reaction using d(T) 12-18 (Phar- 
macia Biotech) as primers. 

[0023] Then, PCR was conducted according to a 
method described by Y Nakamura et al. (Science Vol. 
257, 21, p. 1138-1141 (1992)) using the following prim- 
ers: 

Sense : TGA GAG ACC CAT GAC GTC TCA 
Antisense: TQT CCA GCA CCA GAT AGG TA 
[0024] As a result of electrophoresis of the resulting 
PCR product (EPO-R Exon 4-8) on 1.5 % agarose gel, 
an about 608-bp band that is a full-length EPO receptor 
mRNA was detected as shown in Fig. 3, suggesting that 
EPO receptors having normal functions are expressed 
in HepG2 cells. 



depending on the concentration of added EPO. It was 
further seen that the action of EPO in releasing ^Fe is 
enhanced by addition of apotransferrin. 
[0027] These results indicate that EPO acts directly on 

5 hepatic ceils to release iron from the cells and that EPO 
transmits a signal for promoting release of iron via 
receptors expressed on hepatic cells. It was further indi- 
cated that at least transferrin participates in the pathway 
that releases iron. [Test Example 4] Inhibitory effect of 

w EPO on growth of a human hepatic carcinoma cell line 
[0028] HepG2 cells and HuH7 cells i.e. human hepatic 
carcinoma cell lines were suspended respectively in 
MEM and RPMI media containing 2.5 % FCS and 
adjusted to 1x10 4 ceBsAven (96-well dish). The cells 

15 were cultured under 5 % C0 2 at 37 °C for 3 days. EPO 
was added in the range of 0 to 20 U/ml from the day on 
which the culture was initiated. After culturing, the 
number of cells was determined by the MTT method, 
and the effect of EPO on growth of human hepatic car- 

20 dnoma cell lines was examined. The results are shown 
in Figs. 5 and 6. As can be seen from both the graphs, 
EPO inhibits growth of HepG2 cells and HuH7 cells. 



25 



[Test Example 5] 



[0029] An interferon-unresponsive patient with chronic 
hepatitis C, having serum GTP activity fluctuated at 
higher levels for the last 6 months than the normal 
range, was subjected weekly to venesection with a vol- 
30 ume of 200 ml per venesection for 1 2 weeks. After every 
venesection, 24,000 IU EPO was subcutaneously 
administered. 

[0030] After the first venesection, serum GTP activity 
and hemoglobin levels were determined every week 
35 and serum ferritin levels were determined every two 
weeks. Along with the venesection volume, the results 
are shown in Table 1. 



40 



[Test Example 3] Action of EPO in releasing iron from 
hepatic cells 

45 

[0025] HepG2 cells were cultured in a 24-well cell cul- 
ture cluster (2x10 s cells/well, MEM containing 10 % 
FCS under 5 % C0 2 at 37 °C). Then, 59 FeCI 3 was 
added at 90.000 cpm and the cells were cultured at 37 
°C for 24 hours. 50 
[0026] After culture was finished, the cells were 
washed 3 times with FCS-free MEM, and predeter- 
mined amounts of EPO (0, 0.2, and 2 un'rts/rrtl) in the 
presence or absence of apotransferrin (Tf) (100 ng/ml) 
were added, and the amount of ^Fe released from the ss 
hepatocytes to the medium was determined. The 
results are shown in Fig. 4. Fig. 4 shows that the 
amount of 59 Fe released from HepG2 cells increases 
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ter f serum GPT activity that is an index of hepatitis at the 
active stage was reduced. From 9 weeks after the ven- 
esection therapy was initiated, the GPT activity was 
reduced to the normal range in which the activity was 
maintained thereafter. Hemoglobin levels were main- 
tained at appropriately 11.0 g/dl by administration of 
EPO during the test. 

[0032] By administration of EPO, 2400 ml Wood could 
be collected by venesection for 12 weeks and excess 
iron could be removed without causing symptoms of 
anemia. 

[Example 1] (Production of a composition for intrave- 
nous injection) 

[0033] 1 mg erythropoietin, 50 mg D-mannitol and 50 
mg human serum albumin were aseptically dissolved in 
100 ml stilled water for injection and the solution was 
introduced into a vial (1 ml/vial), lyophilized and sealed. 
For use, it is dissolved in physiological saline to form a 
composition for intravenous injection. 
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INDUSTRIAL APPLICABILITY 

[0034] According to the present pharmaceutical com- 
position with erythropoietin as an active ingredient, 
excess iron ions in the liver of a mammal with hepatic 
diseases can be decreased, so it is effective for treat- 
ment of chronic hepatitis, hepatic carcinoma, hepatocir- 
rhosis etc. due to excess iron ions. Further, patient's 
anemia accompanying venesection can be prevented 
while excretion of excess iron ions can be promoted by 
using the venesection therapy in combination with the 
administration of said pharmaceutical composition. 
[0035] Furthermore, the pharmaceutical composition 
of the present invention is administered into a patient 
with chronic hepatitis C for whom I FN therapy is not 
effective. The composition improves hepatic functions 
after which conventional IFN therapy is carried out and 
exerts a therapeutic effect on the hepatitis. 

Claims 



1. 



45 



[0031] As is evident from Table 1, a significant reduc- 
tion in serum ferritin levels was observed from 2 weeks 
after the venesection therapy was initiated, and thereaf- 



so 2. 
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A pharmaceutical composition for treatment of 
hepatic diseases which comprises erythropoietin 
as an active ingredient to reduce excess iron ions in 
the liver of a mammal with hepatic diseases, thus 
improving hepatic functions of said mammal. 

A pharmaceutical composition for treatment of 
hepatic diseases which comprises erythropoietin 
as an active ingredient to reduce excess iron ions in 
the liver of a mammal with hepatic diseases, thus 
improving hepatic functions of said mammal, 
wherein the administration of said pharmaceutical 
composition and the venesection therapy are used 
in combination. 
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3. A pharmaceutical composition for treatment of 
hepatic diseases according to claim 1 or 2 wherein 
the hepatic disease is chronic hepatitis. 

4. A pharmaceutical composition according to claim 3 5 
wherein the hepatic disease is due to infection with 
hepatitis C virus. 

5- A pharmaceutical composition according to claim 3 
wherein the chronic hepatitis is chronic hepatitis C 10 
or severe hepatitis C. 

6. A pharmaceutical composition for treatment of 
hepatic diseases according to claim 1 or 2 wherein 
the hepatic disease is hepatic carcinoma or hepato- is 
cirrhosis. 
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FIG.2 

Inhibitory effect on binding of l25 I -EPO 
to the hepatic parenchymal cell fraction 
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FIG.3 

<t> X 174DNA/HaeIII-digested fragment 
EPO-R exon 4-8 
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FIG.4 

Release of iron from the human hepatic carcinoma cell line 
(HepG2 cells) by EPO 
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